The aim of the present study was to evaluate the pesticide residues in human blood samples of volunteers related to Hyderabad and Mirpurkhas districts, Pakistan. The volunteers of both districts were divided into four groups on the basis of their exposure period to pesticides i.e. Group A-5 to 9 years, Group B-10 to 14 years, Group C-15 to19 years and Group D-above 20 years. Out of total 188 volunteers, 145 volunteers (77.1%) were agro professionals and 43 volunteers (32.9%) were non-agro professionals. Chlorpyrifos, endosulfan, 1,1,1-trichloro-2,2-bis (p-chorophenyl) ethane (p,p'-DDT) and parathion residues were detected in many samples. The predominant pesticides found in blood samples of both district volunteers were chlorpyrifos (with highest mean concentration of 0.37 mg·kg −1 in the D group of Mirpurkhas) and endosulfan (with highest mean concentration of 0.30 mg·kg −1 in the D group of Hyderabad). The quantity of pesticide residues detected in some blood samples of agro professionals was found to be at the alarming level.
Introduction
Many types of insecticides, fungicides and herbicides are usually used by the farmers to protect their crops from pests. Controlled pesticide application is an important factor that allows protection of foods from the chemical toxicity. The presence of pesticide residues was already quoted in the blood, urine, semen, breast milk, infant and umbilical cord of human being [1] . Presently, pesticide spray is global concern due to their potential risks to the health of the community [2, 3] . Because of successive pesticide application and their high toxicity, numerous cases of fatal poisoning by accidental ingestion and suicidal ingestion or homicidal rationales were reported. Indications of acute poisoning may develop during or after the period of exposure, depending on the type of pesticides and the manner of contact. Pesticides usually disturb the physiological and biochemical activities of lymphocytes and erythrocytes [4] . Also it has been reported that such residues persist in adipose tissues for long periods up to many decades, found to be endocrine disrupters; inhibit many enzymes, cause immune suppression and go ahead to higher susceptibility to beginning of cancer [5] [6] [7] .
In Pakistan, about 70% of the population involved in agriculture sector directly or indirectly is lived in villages. To protect the crops from pests attack, farmers use synthetic pesticides and their tendency is increasing day by day [8] . In Pakistan, utilization of pesticides are not well controlled as compared to the developed countries due to ineffective legislation, deficient in awareness about the dangerous outcomes and technical know-how along with the agricultural community, pesticide administration is not being appropriately regulated [9, 10] . Thus, due to mishandling and malpractices as the spray workers do not follow the necessary precautions, dangerous consquences may occur in their own health and causing various troubles such as pesticide contamination to the food chain and pesticide residue accumulation in the consumer's body. The direction of tolerances including maximum residue level (MRL), acceptable daily intake (ADI) and no observable adverse effect level (NOAEL) for different pesticides in foodstuffs report by Codex Alimentarius Commission [11] . In Pakistan, limited studies have been carried out on pesticide residues in human blood, and urine [12] . The aim of the present study was to evaluate pesticide residues in blood samples of some volunteers of selected rural areas that were either directly or indirectly exposed to pesticides. consumption and extensive agriculture production of numerous commodities. Before taking the blood samples from the volunteers, interviews were conducted with reference to their occupational histories to get knowledge about their years of involvement to pesticide exposure, age, sex and clinical history.
Sample Collection
The samples of blood were collected from 188 volunteers out of which 110 were related to Hyderabad district and remaining 78 were from Mirpurkhas district. The volunteers were categorized into two main groups on the basis of their occupation i.e. Group 1 Agro professionals, those who were involved in farming practices such as spraying activity, growing and harvesting of commodities and Group 2 non-agro professionals, those who were not involved in any farming practices but belong to other profession such as shopkeeper, barber, students, school teachers, housewives etc. The detail of volunteers is described in Table 1 . Blood samples (5 cc) were collected by butterfly syringe from the veins in the inner forearms of each volunteer. Whole blood was kept in decontaminated labeled glass vials, preserved in an ice box and transported to the laboratory for analysis.
Reagents
Reference standards of pesticides were purchased from Sigma-Aldrich (Germany) with purity between 98% -99%. Acetone, dichloromethane, n-hexane were obtained from Sharlau (Barcelona, Spain) and anhydrous sodium sulfate was acquired from Merck (Germany). Stock solutions of each pesticide standard with concentration of 100 mg/kg were prepared in n-hexane and stored in a freezer at -18˚C. A mixture from stock solution of all pesticide standards was prepared by transferring 1 ml of each stock solution to a 100 ml volumetric flask and diluted up to the mark with n-hexane (5 mg·kg -1 ).
Extraction and Cleanup
Extraction of pesticide residues from the whole blood was done according to the reported method [13] with the addition of ultrasonic assistance. According to the procedure 1 ml of methanol and 2 ml of blood sample was taken in 20 ml screw capped vial. Extraction of pesticides was carried out with 10 ml of solvent system containing n-hexane and acetone in the ratio of 9:1. The mixture was shaken for 1 min on vortex mixer. After addition of anhydrous sodium sulfate the vial was placed in an ultrasonic bath for 2 min, and then centrifuged at 3000 RPM for 5 min. The cleanup procedure was carried out using solid phase extraction (SPE) cartridge containing octadecyl (C 18 ) resin. Gradient system was used to elute pesticides initially with 6 ml of pure n-hexane and 
Instrumental Conditions
The operating conditions for GC-μECD were as follows: The temperature of injection port was 250˚C, injection volume 2 μl in split ratio 50:1 and split flow 60 ml/min. The detector temperature was 310˚C. Column temperature was programmed as, the first temperature 70˚C for 0 min, after that increased at a rate of 30˚C/min to 210˚C and seized for 2 min, then from 210˚C to 250˚C at a rate of 25˚C/min with held for 2 min, then increased up to 290˚C with the rate of 30˚C/min and finally held for 5 min. The carrier gas, Nitrogen (purity 99.99%) at a flow rate of 1.2 ml/min was used. The whole analysis time is less than 17 min, and the time for the equilibration of the system was put 0.5 min.
For GC-MS confirmation the working conditions were as: The temperature for injector port was 250˚C, volume of injection was 2 µl in splitless manner, helium (99.99%) used as carrier gas at 1.2 ml/min flow rate. For column the temperature program was the same as in GC-μECD. The MSD was run in electron impact ionization manner
Results and Discussion
The method was evaluated under the optimized conditions by determining the limits of detection (LOD), quantitation (LOQ). The LODs of each pesticide were calculated at a signal-to-signal ratio of 3, whereas the limits of LOQs were obtained at a signal-to-signal ration of 10, as shown in Table 2 . For the linearity, blank blood samples fortified with 0.05, 0.10 to 0.20 mg·kg -1 of each pesticide and individual standards of targeted pesticides were run in to the GC-μECD and GC-MS. All of the studied compounds can be identified by their main ions, in the PEST library. Areas under the peak versus concentrations were plotted and fit by simple linear regression to obtain the equation for the standard curves to measure the unknown quantity of pesticides. The amount of each pesticide in each sample was thus calculated based on the slope of the standard curve. Response of the detector was found to be linear with excellent determination coefficient r2 ≥ 0.9995 for all pesticides. Calibration data have been summarized in Table 2 . Detail about the total number of volunteers containing the region, sex, male to female ratio and their mean ages are shown in Figure 1 . Out of 110 volunteers from Hyderabad district, 83 were agro professionals (in which males and females were 61 and 22, respectively) and 27 were non-agro professionals (in which 18 were males and 9 were females). The mean age of volunteers from the Hyderabad district was 26.68 years with standard deviation (S.D) of 10.6. Blood samples of 78 volunteers belong to Mirpurkhas district were assessed, out of which 62 were agro professionals (48 males and 14 females) and 16 volunteers were non-agro professionals (13 were males and 3 were females). The mean age of volunteers from Mirpurkhas district was 25.34 ± 5.8.
To simplify the data analysis, volunteers of agro professional were further categorized according to their exposure period in farming activities i.e., Group A-5 to 9 years, Group B-10 to 14 years, Group C-15 to19 years and Group D-above 20 years. The detail of agro professional volunteers, their exposure duration, percentages of classified groups with respect to total volunteers and proportions of residues detected in their blood samples is shown in Figure 2 . Out of total 83 agro professional volunteers from the Hyderabad district, pesticide residues were detected in 59 (71.1%) volunteers. A comparatively high percentage (47.4%) was found in volunteers of the C group from the Hyderabad district who have detected residues in their blood samples, following 28.8% and 15.2% in D and B groups, respectively. While 8.5% volunteers were members of group A in which pesticide residues were detected. Similarly, out of total 62 agro professional volunteers from the Mirpurkhas district, 45 volunteers (72.6%) were found to be contained pesticide residues in their blood samples. A relatively high percentage (55.5%) was found in the group C of Mirpurkhas district who have detected pesticide residues in their blood samples, following 24.4% and 13.3% in the B and D groups, respectively. Only 6.6% volunteers belonged to the A group was found to be contaminated their blood samples with pesticide residues. Table 1 shows that out of total 27 non-agro professional volunteers from Hyderabad district, 9 volunteers (33.3%) were contained pesticide residues in their blood samples. Similarly, out of total 16 non-agro professional volunteers from Mirpurkhas district, 4 volunteers (25%) were found to be positive for pesticide residues in their blood samples.
Data in Table 3 illustrates the number of residue detected in agro professional volunteers with their years of exposure, and mean concentrations of pesticide residues found in their blood samples. In 59% volunteers from the Hyderabad district, the residues of chlorpyrifos were detected in their blood samples with the highest mean concentration of 0.29 mg·kg -1 in group D; while, residues of endosulfan, parathion and p,p'-DDT were found in 34%, 5% and 2% volunteers with the mean concentrations of 0.3, 0.15 and 0.17 mg·kg -1 , respectively. Residues of parathion and p,p'-DDT were not detected in the blood samples of volunteers belonged to the A group. Similarly, volunteers in the B and C groups had not detected residues of p,p'-DDT in their blood samples. Furthermore, in group D of Hyderabad district no any volunteer was found to be contaminated with residues of parathion in their blood samples. Out of total 45 agro professional volunteers from Mirpurkhas district, 51% had residues of chlorpyrifos, and 36% had detected endosulfan residues in their blood samples with mean concentrations of 0.37 and 0.29 mg·kg -1 , respectively. While, residues of parathion and p,p'-DDT were detected in about 11% and 5% of the volunteers with mean concentrations of 0.31 and 0.20 mg·kg -1 , respectively. Volunteers of group A and B belonging to Mirpurkhas district, were not shown any residues of p,p'-DDT in their blood samples. Whereas, residues of parathion were also not detected in the blood samples of volunteers belonged to group A of Mirpurkhas district. Table 4 shows out of total 9 non-agro professional volunteers from the Hyderabad district, 5 volunteers (55%) had residues of chlorpyrifos and in 4 volunteers (45%) were detected for endosulfan residues with mean concentrations of 0.1 and 0.14 mg·kg -1 , respectively. From Mirpurkhas district, out of 4 non-agro professional volunteers, 2 volunteers (50%) were found to be positive for chlorpyrifos residues with a mean concentration of 0.08 mg·kg -1 in their blood samples. From the remaining 2 volunteers, 1 volunteer had residues of endosulfan and other had residues of p,p'-DDT with concentrations of 0.11 and 0.06 mg·kg -1 , respectively. Table 5 shows mean concentrations and ranges of detected pesticide residues based on the gender of agro professional volunteers. According to the results, out of total 35 volunteers who had residues of chlorpyrifos from the Hyderabad district, 28 volunteers (80%) were males with ages between 16 to 45 years, (20%) were females of ages between 22 to 51 years containing mean concentrations of 0.17 mg·kg -1 and 0.15 mg·kg -1 , respectively. The blood samples of 11 male volunteers (55%) out of total 20 were found to be positive for the endosulfan residues. Their ages were ranged between 14 to 55 years with a mean concentration of 0.21 mg·kg -1 . While, remaining 9 volunteers (45%) were females having ages between 27 to 39 years with a mean concentration of 0.16 mg·kg -1 . Only one blood sample of male volunteer was found to be positive for p,p'-DDT residues with age of 55 years and mean concentration of 0.17 mg·kg -1 . Whereas, no blood samples of any female volunteer of Hyderabad district were found to be positive for p,p'-DDT residues. Out of total 3 volunteers, parathion residues were found in 2 male volunteers (67%) of ages 43 and 54 years with a mean concentration of 0.13 mg·kg -1 , and 1 female volunteer of age 37 years with a concentration of 0.11 mg·kg -1 . Out of the total 23 volunteers from Mirpurkhas district who had residues of chlorpyrifos, 17 volunteers (74%) were males with ages between 26 to 67 years and 6 volunteers (26%) were females of ages between 30 to 45 years with mean concentrations of 0.21 and 0.17 mg·kg -1 , respectively. While from total 16 volunteers who found to be positive for endosulfan residues, 9 volunteers (56%) were males and 7 volunteers (44%) were females of ages between 18 to 59 and 17 to 49 years with mean concentrations of 0.28 and 0.18 mg·kg -1 , respectively. Nor any blood sample of female volunteers was found to be contaminated with the residues of p,p'-DDT in Mirpurkhas district as well, whereas 2 male volunteers of ages 34 and 61 years had residues of p,p'-DDT in their blood samples with a mean concentration of 0.17 mg·kg -1 . The blood samples of 3 male volunteers (60%) out of total 5 were found to be positive for parathion residues. Their ages were ranged between 37 to 48 years with a mean concentration of 0.25 mg·kg -1 . While remaining 2 volunteers (40%) were females of ages 49 and 53 years with a mean concentration of 0.18 mg·kg -1 . The data in Table 6 shows the mean concentrations and ranges of detected pesticide residues based on the gender of non-agro professional volunteers. Out of total 5 volunteers from Hyderabad district, 4 volunteers (80%) were males of ages between 24 to 62 years and 1 volunteer (20%) was female of age 45 years found to contained residues of chlorpyrifos in their blood samples with mean concentrations of 0.07 and 0.03 mg·kg -1 , respectively. Out of total 4 volunteers who were found to be positive for the residues of endosulfan in their blood samples, 2 volunteers (50%) were males of ages 17 and 43 years and another 2 volunteers (50%) were females of ages 44 and 56 years with mean concentrations of 0.10 and 0.11 mg·kg -1 , respectively. In Mirpurkhas district, chlorpyrifos was detected in the blood samples of 2 male volunteers of ages 36 and 49 years with a mean concentration of 0.08 mg·kg -1 . The residues of endosulfan were detected in only one female volunteer of age 35 years with a concentration of 0.11 mg·kg -1 . Whereas, no any blood sample of male volunteers from Mirpurkhas district was found to be positive for endosulfan residues. In only one male volunteer of age 58 years the residues of p,p'-DDT were detected with a concentration of 0.06 mg·kg -1 , while no any blood sample of female volunteers was found to be contaminated with the residues of p,p'-DDT.
The pesticides detected in the blood samples of volunteers selected for this study are classified as insecticides, generally used by the farm workers to control different kinds of pests to protect their crops. The pattern showed by the two populations (Hyderabad and Mirpurkhas) was found to be almost similar. This may be due to the same climatic conditions and farming activities. Chlorpyrifos and endosulfan were the pesticides detected in most of the samples taken from both districts. Out of total 104 agro professional volunteers who found to be contaminated with different pesticide residues in their blood samples, the residues of chlorpyrifos were detected in 58 volunteers (56%), while residues of endosulfan were detected in 36 volunteers (35%). Out of total 13 non-agro professional volunteers who had pesticide residues in their blood samples, the residues of chlorpyrifos were detected in 7 volunteers (54%); while, residues endosulfan were detected in 5 volunteers (38%). The representative chromatograms of blood samples containing residues of chlorpyrifos and endosulfan with their respective mass spectrums have been shown in Figure 3 . Chlorpyrifos is an organophosphate (OPs) insecticide. It is moderately persistent and toxic in nature and suspected endocrine disruptor. It has found to be very effective against fly larvae, cabbage root fly and aphids. Because of its most widely used in homes against mosquito, cockroaches and termites it may be one reason of exposure for the nonagro professional volunteers. On the other hand, endosulfan is an organochlorine insecticide and acts as a poison to a spacious range of mites and insects on contact and as a stomach acaricide. Endosulfan has become known as an extremely controversial agrichemical by reason of its function as an endocrine disruptor, acute toxicity, and bioaccumulation potential. The technical grade endosulfan is a mixture of α and β isomers in the ratio of 7:3, respectively. Comparatively, α isomer of endosulfan insecticide has been found to be three times more toxic than the β isomer. It has been noticed during data collection about the clinical history of agro professional volunteers, most of the volunteers (who had pesticide residues in their blood samples) complained of vomiting, diarrhea, respiratory depression, productive cough, loss of consciousness, tingling or creeping on skin, severe headache, nausea and general body weakness or tiredness, which are the signs and symptoms of chlorpyrifos and endosulfan poisoning. Because of deficiencies in schooling, knowledge and broad information regarding the application of pesticides from government associations/activities in these regions, farm workers are suffering and getting unwell outcomes of pesticides during inappropriate usage, discarding and predominantly when they are not sheltered with special protecting equipments (gloves, rubber boots, safety goggles, masks, overalls with long sleeves etc.). The presence of pesticide residues in volunteers (non-agro professionals) is also very alarming and indicative of environmental exposure. After studying various other factors it is assumed that the presence of chlorpyrifos and endosulfan residues in the blood of non-agro professional volunteers may be due to the massive use of these pesticides since last couple of decades, or may be other potential sources involved such as impurity of other pesticides or the direct use of chlorpyrifos and endosulfan as pesticides. Based on gender, we observed prevalence between males rather than females of both populations as shown in Table 6 , but residue levels did not show any statistically significant difference.
In conclusion, the results of our study will form part of an up-to-date report on the contamination level of Hyderabad and Mirpurkhas regions including all kinds of populations of different socioeconomic characteristics, which will make it promising to identify the sources and trends of this contamination. Our study has shown that the volunteers monitored from both groups (agro and non-agro professionals) have been occupationally and environmentally exposed due to the excessive use of insecticides for pest control in their areas of cultivations. There is a need to revitalize the pesticide regulation in view of the types of insecticides commonly used and the residues detected in their blood. From this study, it is also concluded that the existence of chlorpyrifos and endosulfan with higher frequencies are being hauled the entire population towards numerous health hazards, so for now, the global restrictions for the use of these pesticides should be observed in Pakistan.
